͑Submitted 23 February 1998͒ Pis'ma Zh. É ksp. Teor. Fiz. 67, No. 7, 440-444 ͑10 April 1998͒ Results are presented on the search for anomalous transmission of ultracold neutrons ͑UCNs͒ through beryllium ͑thickness ϳ0.14 mm͒, stainless steel (0.05 and 0.015 mm͒, and copper (0.01 and 0.018 mm͒ foils. This anomalous transmission is considered to be a possible reason for the disappearance of UCNs from beryllium bottles, an effect which was discovered in experiments at the St. Petersburg Nuclear Physics Institute and which was recently observed in the experiment of V. E. Varlamov et al., JETP Lett. 66, 336 ͑1997͒. No transmission was found in our measurements at the 10 Ϫ7 level except in the case of copper foils, which we attribute to the presence in the UCN flux of an admixture of neutrons with energies higher than the boundary energy for copper.
INTRODUCTION
The storage times of ultracold neutron ͑UCNs͒ in closed volumes or, equivalently, the anomalous losses of UCNs upon reflection from the inner surfaces of UCN traps present a well-known and long-standing puzzle. The most surprisingly large discrepancy in the experimental and predicted loss coefficients was observed for the most promising materials for high UCN storage times: cold beryllium 1 and solid oxygen. 2 The anomaly observed in Refs. 1 and 2 consists in an almost temperature-independent ͑in the temperature interval 10-300 K͒ wall loss coefficient (ϳ3ϫ10 Ϫ5 ), corresponding to an extrapolated inelastic thermal neutron cross section *ϳ0.9 b. This experimental figure for Be is two orders of magnitude greater than the theoretical one, the latter being completely determined at a low temperature by the neutron capture in Be ͑0.008 b͒. The experiment/ theory ratio for a very cold oxygen surface achieves three orders of magnitude.
2 The approximate universality of the loss coefficient for beryllium and oxygen, and the independence of the Be figures of temperature, forces one to suspect a universal reason for this anomaly. A series of experiments to find the channel by which UCNs leave the trap are described in Ref. 1. None of the suspected reasons has been confirmed: surface contamination by dangerous elements with large absorption cross sections, penetration of UCNs through possible microcracks in the surface layers of Be, the hypothetical process of milliheating of UCNs due to collisions with a low frequency vibrating surface, and the upscattering of UCNs due to thermal vibrations of the wall nuclei.
Recently an experiment was published 3 describing the observation of subbarrier penetration of UCNs in the energy interval ϳ(0.5-1.8)ϫ10
Ϫ7 eV through a rolled beryllium foil. The thickness of the foil was 56 m, and the calculated boundary energy E b for beryllium according to the usual formula E b ϭ2ប
2 Nb/m, where N is the atomic density and b is the coherent scattering length, is 2.4ϫ10 Ϫ7 eV. The measured penetration probability per UCN collision with the foil surface was found to be (5Ϯ1)ϫ10 Ϫ7 , which is in serious contradiction ͑is many orders of magnitude greater͒ with the simple quantum mechanical calculation of the probability of subbarrier penetration. The authors 3 think that the observed phenomenon may have close relation to the aforementioned anomaly in the measured UCN loss coefficients.
There are several possible causes of the observed effect.
1. Penetration through the foil by UCNs with energies higher than the boundary energy for beryllium. These UCNs could survive in the storage chamber for comparatively long times on some trajectories. While interesting in itself, this phenomenon can hardly be regarded as radically new.
2. Subbarrier UCN penetration through matter due to some new mechanism, e.g., of the type proposed recently in Ref. 4. According to this mechanism the subbarrier quantum particles diffuse through a very long ͑in comparison with the wavelength͒ distance as a result of neutron incoherent scattering inside the matter ͑in Ref. 3 the product kLу5 ϫ10 3 , where k is the neutron wave vector in vacuum, and L is the foil thickness͒. This phenomenon is new, and unusual, and hitherto inexplicable in the framework of the now accepted ͑see Ref. 5 and references therein͒ quantum theory of multiple scattering of waves and particles in application to neutrons.
3. Weak UCN heating ͑acquiring of energy of the order of the UCN energy or less͒ during collisions with the chamber walls. In this case the measured effect has unexpectedly high probability, since numerous calculations show that with a probability that is orders of magnitude greater the UCNs must be heated to an energy range close to the wall temperature. The trivial effect of acquisition of energy due to wall mechanical vibrations was excluded according to the arguments of Nesvizhevsky. 
EXPERIMENTAL METHOD
The measurements were performed on the test channel of the UCN turbine source at the Laue-Langevin Institute ͑ILL͒.
6 The layout of the experiment is shown in Fig. 1 . UCNs spread over the stainless steel cylindrical neutron guides 1 ͑60 mm in diameter͒ and collided with the surface of the foil 3, which tightly seals off the UCN path to the UCN detector 4. It was possible to change the UCN spectrum at the foil by the changing the height h of the part of the guide containing the foil. In some experiments an additional UCN scatterer 5 (ϳ0.1 m Be layer deposited on the surface of a 50 m Al foil͒ was placed near the foil. It was supposed that if the anomalous transmission is the result of weak ͑of the order of UCN energy͒ upscattering, the insertion of the scattering specimen with the enlarged surface would increase the transmission effect. The scatterer had the form of a corrugated ribbon rolled into a spiral with an overall area of ϳ600 cm 2 .
